Editorial
Introduction
A large multicentre randomized controlled trial of leisure therapy given by occupational therapists to patients late after stroke published in this issue of Clinical Rehabilitation 1 failed to demonstrate a benefit for patients. Hardline cynics might conclude that occupational therapists are ineffective and should no longer be employed. More people might conclude that leisure therapy is ineffective and should not form part of any reasonable stroke service. I hope to show that neither conclusion is necessarily valid, and that a leisure therapy intervention might still contribute positively to a quality stroke service.
Data interpretation
One component of data interpretation depends upon statistical factors. Two categories of error are recognized. Sometimes an apparently positive result is achieved simply through chance, and a Type I error is made (i.e. concluding that an effect is present when it is not). Much more commonly a result may appear negative because the study did not have the statistical power to detect a worthwhile difference and a Type II error is made (i.e. concluding that an effect is not present when it is).
A second component of data interpretation relates to the logical conclusions that may be drawn given the study design. In other words, can the proposed conclusion be drawn from the data? The opportunities for invalid conclusions are legion. For example, the study design may not allow the conclusion to be drawn, whatever the statistical significance (e.g. using a selected and nonrandomized control group) or the study sample may itself be unrepresentative (e.g. only including young men where most patients are older women).
One further specific logical misinterpretation may occur in any research into complex systems, namely concluding that because one cannot demonstrate a specific benefit of one component of the system in isolation then that component is not important to the system as a whole. I suggest Research into the black box of rehabilitation: the risks of a Type III error that this could be called a Type III error, and that it is an especial problem in rehabilitation research. In this editorial I hope to explain the risk of making Type III errors when 'unpacking the black box of rehabilitation'. 2
Rehabilitation, a complex system
The core features of rehabilitation are that the process occurs within an explicitly recognized framework encompassing all aspects of illness, and that the process depends upon co-ordinated, multidisciplinary team work by people who have both an expertise in and an interest in disability, and who actively involve and educate the patient and family in the rehabilitation process. These core features will be justified in a future editorial.
The model of illness usually used in rehabilitation, the WHO ICIDH-2 model, 3, 4 describes a patient's situation in terms of several interacting systems (pathology, impairment, participation, contexts, etc.). Other models also analyse illness in terms of interacting systems. Furthermore the process of rehabilitation itself depends upon the close working together of a group of people, each member having different expertise, and again this can be considered as a system or network.
The process of rehabilitation therefore consists of one complex system (a team of two or more people) acting on another complex system (the patient in their context, and including the patient's disease and impairments).
Redundancy, a feature of networks
A neural network is an example of a complex system. In a neural network (as developed in a computer), the network is presented with an input and it is taught to make appropriate distinctions and decisions. Once taught, the network is then relatively resistant to degradation. In other words, if parts of the internal workings of the analytic network are made nonfunctional, the network as a whole continues to function reasonably well until a significant proportion is rendered nonfunctional.
There are other examples. Travel from one place to another is through a network. One may choose to take a taxi to the airport, fly to another airport and then take a bus to the destination. But there are many options. One could walk some parts, use a car, take a train, etc. If driving there are likely to be many routes. This travel network is robust. If the train services are unavailable, one can still take a bus. If one road is shut down, one can take a different road. If one airline is fully booked, another might take you albeit flying through an intermediate airport.
Finally the body and brain is yet another example. If someone loses a finger, they will still be able to use their hand for almost all activities, although playing the piano might be affected. Loss of a whole hand will affect a few more activities but many people will continue to lead a full life. Similar examples could apply to brain damage and other pathology.
The specific feature of any complex system is that the overall functioning of the system may only be affected to a relatively minor degree by the loss of one component. However in most cases there is a point where further, relatively small losses may have large effects. Furthermore in some systems the loss of a key component may have widespread effects. For example the loss of an air traffic control system will stop all flights, whereas the loss of one airline company may have a negligible effect.
Consequently it can be difficult to specify the role of an isolated component of a system or network through studying the effects of changing or removing that component in the presence of all other components working normally.
Investigating the black box of rehabilitation
Many people wish to analyse the components of the rehabilitation process, and usually investigate specific treatments such as the use of specific training techniques. This is of course a laudable aim. However it is worth considering this investigation in a little detail.
In essence the proposal is that specified parts of the rehabilitation process should be studied in isolation. This is usually done by separating the intervention as far as possible and then subject-Editorial 3 department is cut by 50%. When these reductions or losses occur the service will normally continue to function, albeit under strain and possibly with a minor, undetectable reduction in quality. Only an exceptional crisis or case may reveal the weakness within the system.
Thus if a researcher were to collect and collate information about stroke rehabilitation practice from around a country such as Great Britain, she would probably find that the only rehabilitation specialists found in every stroke rehabilitation service were physiotherapists and occupational therapists. (Nurses and doctors would also be found, but in many services they will not be specialist.) However she could not conclude that a stroke rehabilitation service can function simply with occupational therapists and physiotherapists. Rather she could conclude that a variety of systems can deliver stroke rehabilitation that is more (or less) adequate.
The Type III error
A potential failure to study the interactive effect of multiple interventions may therefore lead to a new error in the interpretation of research data, and this might possibly be called a Type III error. Several consequences follow.
First, one must not immediately conclude that the failure of a study adequately powered to show a reasonable effect from some intervention necessarily means that the intervention concerned has no part to play in rehabilitation.
Secondly, research designs should investigate, as far as they are able, the distant and interactive effects of interventions. This may best be achieved by trying to list the components of successful systems and comparing the components of more and less successful rehabilitation programmes.
Lastly, however, it is vital not to over compensate. Specifically one cannot claim that no research should investigate single components within the rehabilitation process. Nor can one claim that a negative study should be totally ignored. In other words, the potential of a Type III error does not give carte blanche for inaction or to ignore research findings.
ing it to a scientific study. There are many problems. The total number of potential interventions is very large. Specifying interventions is very difficult. Patients vary greatly, and identifying homogeneous groups is difficult. Generalization is difficult. Consequently it could take decades to research even a small proportion of actual interventions.
Beyond these entirely practical considerations, there is a much more important risk associated with this reductionist approach to rehabilitation research.
It is quite possible that research into each individual part of the process will fail to demonstrate its effectiveness. In fact this may well arise simply because it is impossible to study large enough groups. For example drug studies now regularly involve hundreds if not thousands of patients, but rehabilitation studies involving over 150 patients are rare. Consequently in practice Type II errors will be common.
However there is an additional risk. Given that the rehabilitation process is a system with many inter-related interventions at many different levels within the model of illness, 5 it may well be that the beneficial effect of each intervention is magnified by the effects of other interventions within the whole process, but the isolated effect of each on its own is too small to detect. In other words the immediate effect of a specific intervention may be too small to detect, or even not present until it interacts with some other component. One example where it has always been recognized that two components are necessary for an effect is that of botulinum toxin. No researcher has even considered investigating botulinum toxin in isolation. Every study has set the use of botulinum toxin in the context of active therapy.
It is a common observation that the individual components and practices of rehabilitation services vary widely. For example some services will include hydrotherapy pools but not rehabilitation engineers, some will use wheelchairs early but others late, 6 some will include orthoptic evaluation but others not and so on. Furthermore it will be quite common for a service to be without a full core team when, for example, a speech and language therapist leaves without an immediate replacement or when the social work
Conclusion
Rehabilitationists are in a good position to lead the medical research community in the expanding field of research into complex interventions. 7 They have undertaken complex interventions for many years, and have undertaken research in this area for many years. Given our familiarity with measuring outcome at several levels and our familiarity in daily practice with the interactive, synergistic effects of different interventions, we are in a good position to research the nature and extent of interactions between interventions. In this way we will be able both to improve rehabilitation practice and to demonstrate that Type III errors are a real phenomenon, not simply a theory that we use to defend ourselves from negative studies. We should continue to offer leisure rehabilitation to stroke patients until more research is undertaken into its role within the whole process.
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